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移近 100 nm，溶液颜色由无色转变成黄色。Hg2+对 Cu2+的传感有一定的干扰，
Pb2+、Zn2+、Cd2+和 Ni2+影响极弱或几乎无影响。CD 光谱、TETA 光谱滴定、吸
收光谱滴定和 EPR 的详细研究证实了 Cu2+与联吲哚传感分子络合继而将其氧化
是产生光谱变化的原因。为了适应生物学应用将传感体系拓展至 20%含水体系。
等摩尔连续变化法证实了 bATM 和 bIM 与 Cu2+分别按 2:1 和 1:1 的计量比络合。
联吲哚类衍生物的吸光度与 Cu2+浓度均成良好的线性关系，检测限可达 nM 级。
该结果对于构建高选择性高灵敏度识别金属离子的化学传感器具有重要意义。 
第三章：基于吲哚环具有良好的质子给体结构单元，能与阴离子形成氢键，
考察了乙腈和 DMSO 中联吲哚类衍生物与阴离子的相互作用。bATM 在乙腈和
















对 bATM 的光谱产生影响。OH−光谱滴定结果证实 bATM 与 F−结合的过程是一
个脱质子的过程。由于 DMSO 较乙腈更具有接受质子的能力，bATM 在 DMSO






Trp））进行特异性传感。在乙腈中，Cu2+使 IAA 的光谱发生显著变化。IAA 在
280 nm 处的吸收减小，伴随长波长（322 nm）吸收增大；以 322 nm 为激发波长，
在 376 nm 处产生新的荧光发射峰。在乙腈中可检测到 5.5 × 10−6 mol L−1 IAA。
Trp 和 Cu2+作用的光谱响应与 IAA 和 Cu2+的相似，但反应速率相对于 IAA 和
Cu2+的较小，通过加热可增大反应速率。对比联吲哚类分子的光谱，推测在乙腈
中 Cu2+使吲哚类生物分子发生氧化偶联反应。避光及无氧环境下吲哚类生物分
子与 Cu2+在乙腈中的光谱响应，以及乙腈中不同[Cu2+]/[IAA]比例的 EPR 结果，
进一步证实光谱变化不是光及氧气所致，而是乙腈中 Cu2+的强氧化能力所引起，
从而实现以简便的方法对吲哚类生物分子的传感。 

















Development of sensitive and selective fluorescent chemosensors for biologically 
important ions and molecules are of intense current interest because these ions and 
molecules play important roles in living and environmental systems. Chemosensors 
that discriminates closely related matters is an ideal goal. Bitryptophan crosslink can 
stabilize polypeptide γ-turn and be used to investigate the interaction between proteins. 
Yet, the biindole crosslink derivatives have not been utilized to sense metal ions. 
Starting on this issue, interactions of biindole derivatives with metal ions and anions 
were investigated. Further more, sensing of indole derivatives based on the oxidation 
capacity of Cu2+ in acetonitrile was studied. 
The dissertation consists of four chapters. 
In Chapter 1, research progress of fluorescent chemosensors in terms of 
recognition principle for ion sensing was briefly reviewed, and the research proposal 
of this dissertation was presented. 
In Chapter 2, a new 2,2’-biindole derivatives based chemosensor were synthesized 
for easy detection of Cu2+ with very high selectivity and sensitivity among heavy 
metal ions investigated by absorption and fluorescent spectra. The absorption spectra 
of biindole derivatives changed significantly induced by Cu2+, the maximum 
absorbance of biindole derivatives decreased and red shifted with approximate 100 
nm, accompanied with color change from colorless to yellow, facilitated naked-eye 
detection of Cu2+. Hg2+ interfered a little with the determination of Cu2+, while other 
metal ions (such as Pb2+, Zn2+, Cd2+ and Ni2+) didn’t influence. Chelation and redox 
were the reason for the spectra response of biindole derivatives by detailed 
investigation with CD spectra, absorption spectra and EPR. The system could be 
extended to the 20% H2O-containing mixtures for biological application. The 
stoichiometry of bATM and bIM with Cu2+ were 2:1 and 1:1 respectively determined 















concentration of Cu2+, and the biindole derivatives can be applied to sense Cu2+ at nM 
level。It is quite useful for construction of various chemosensors with high selectivity 
and sensitivity in biological and environmental systems. 
In Chapter 3, the indole ring is well known as good proton donor, can bind well 
with anions by H-bond. The interaction of biindole derivatives with anions was 
investigated in this chapter. It was found that bATM was able to sense F− with high 
selectivity in acetonitrile and DMSO. With increasing the concentration of F−, the 
fluorescence of bATM decreased and the fluorescence at long wavelength increased 
with an obvious isoemission. The AcO− and H2PO4− didn’t interfere with the sensing. 
The investigation of interaction between bATM and OH− established that the highly 
F− selective response resulted from a deprotonation progress of indole ring by F−. 
Because DMSO is better proton acceptor compared to acetonitrile, the response of 
bATM toward F− in DMSO is more significant than that in acetonitrile. However, no 
spectra response was observed between bIM and anions. An intermolecular H-bond 
of bIM in acetonitrile identified by 1H NMR experiments in CD3CN could not be 
destroyed by F−, which was the result of interaction between bIM and anions. A series 
of results indicated that constructing high selective functional biindole sensor based 
on ratio fluorescence is possible. 
In Chapter 4, based on the oxidation capacity of Cu2+ in acetonitrile and the 
property that indole derivatives were prone to be oxidized, specific sensing of indole 
derivatives (such as, indole-3-acetic acid, IAA and tryptophan, Trp) by simple 
method was introduced in this chapter. The addition of Cu2+ induced significant 
spectra change of IAA in acetonitrile. The absorbance of IAA red shifted from 280 
nm to 322 nm. A new emission band was observed at 376 nm with excitation 
wavelength at 322 nm. The method can be applied to sense IAA at 5.5 × 10−6 mol L−1 
level in acetonitrile. The response of Trp and Cu2+ was the same as that of IAA. Yet 
the reaction rate of Trp with Cu2+ was smaller, which could be improved by heating. 















of indole derivatives by Cu2+ took place by compared with the spectra of biindole 
derivatives. Both the control experiments protected from light and kept under N2 and 
the EPR results with different [Cu2+]/[IAA] established that the oxidation of Cu2+ in 
acetonitrile was the real reason of the spectra response but not light or O2. It is 
expected that this simple redox-based method might be of general applicability for 
sensing indole derivatives. 
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追朔至 20 世纪 30 年代 Kautsk 和 Hirsch 所设计的一个可连续检测光合成过程中

























有光诱导电子转移（Photoinduced Electron Transfer, PET）、分子内电荷转移
（ Intramolecular Charge Transfer, ICT）、荧光共振能量转移（Fluorescence 
Resonance Energy Transfer, FRET）、激基缔合物/复合物（Excimer/Exciplex）的形
成或消失、荧光化学计量法（Fluorescent Chemodosimeter）等。本章将概述上述
激发态信息传递机制并介绍其在离子识别和传感中的应用。 
1.2 光诱导电子转移（Photointroduced Electron Transfer, PET）识别机理 
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